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BISB TOPOLOGICAL INSULATOR WITH
NOVEL BUFFER LAYER THAT PROMOTES

A BISB (012) ORIENTATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of U.S. provisional patent

application Ser. No. 62/975,661, filed Feb. 12, 2020, which
1s herein mcorporated by reference.

BACKGROUND OF THE DISCLOSURE
Field of the Disclosure

Embodiments of the present disclosure generally relate to
a bufler layer that promotes growth of a bismuth antimony
(B1Sb) layer having a (012) orientation.

Description of the Related Art

BiSb 1s a material that has been proposed as a spin Hall
layer for spin torque oscillator (STO) and magnetoresistive
random access memory (MRAM) devices. BiSb 1s a narrow
gap topological insulator with both giant spin Hall effect and
high electrical conductivity.

N. H. D. Khang, Y. Ueda, and P. N. Hai, “A conductive
topological msulator with large spin Hall effect for ultralow
power spin-orbit torque switching,” Nature Matenals, v. 17,
808 (2018), discovered that BiSb with a (012) crystallo-
graphic orientation has a high spin Hall angle and high
conductivity 1n comparison to BiSb with a (001) crystallo-
graphic orientation. BiSb with a (012) crystallographic
ortentation was formed on a MnGa film with a (001)
crystallographic orientation which was formed on a GaAs
substrate with a (001) crystallographic orientation.

N. Roschewsky, E. S. Walker, P. Gowtham, S. Muschin-
ske, F. Hellman, S. R. Bank, and S. Salahuddin, “Spin-orbit
torque and Nernst effect in B1i—Sb/Co heterostructures™,
Phys. Rev. B, vol. 99, 193103 (2 May 2019), recognized that
BiSb growth, crystallographic orientation, spin Hall angle,
and high conductivity had poor consistency among experi-
ments.

E. S. Walker, S. Muschinske, C. J. Brennan, S. R. Na, T.
Trivedi, S. D. March, Y. Sun, T. Yang, A. Yau, D. Jung, A.
F. Briggs, E. M. Knivoy, M. L. Lee, K. M. Liechti, E. T. Yu,
D. Akinwande, and S. R. Bank, “Composition-dependent
structural transition in epitaxial Bi1l-xSbx thin films on Si1
(111)”, Phys. Rev. Materials 3, 064201 (7 Jun. 2019), grew
an ultrathin BiSb layer with a (012) orientation over an Si
(111). However, adhesion of the BiSb layer with a (012)
orientation on S1 (111) was poor.

Therelore, there 1s a need for an improved process to form
B1Sb with high spin Hall angle and high conductivity and for
improved devices having a BiSb layer with high spin Hall
angle and high conductivity.

SUMMARY OF THE DISCLOSURE

The present disclosure generally relates to a bufler layer
that promotes growth of a bismuth antimony (BiSb) layer
having a (012) ornientation. In one embodiment, a spin-orbit
torque (SOT) magnetic tunnel junction (MTJ) device
includes a substrate, a buller layer formed over the substrate,
and a bismuth antimony (BiSb) layer formed over the buller
layer, the BiSb layer having a (012) orientation. The bufler
layer includes a pre-seed layer over the substrate, a seed
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2

layer over the pre-seed layer, and a crystalline layer over the
seed layer. The pre-seed layer includes a maternial selected
form a group consisting of S1, NiTa, NiFeTa, CoZrTa, NiNb,
NiFeTa, NiFeW, CoHt, CoFeHf, CoFeHIB, NiFeB, CoFeB,
Ge, Co, CoFe, Ni1Cr, N1, Cu, Ni1Fe, Ru, Pt, Rh, silicon oxide,
aluminum oxide, magnesium oxide, TiN, AIN, and alloys
thereof. The seed layer includes a material selected from a
group consisting of Co, CoFe, Ni, NiFe, NiCr, NiTa,
NiFeTa, Cu, CuAgNi, RuX, CuX, CuNiX, CoFeX, CoNiX,
FeX, NiX, and CoX, wherein X=Cr, Ag, Pt, Ir, Rh, and
combinations thereof. The crystalline layer includes a mate-
rial selected from a group consisting of Co, CoFe, N1, NiFe,
NiCr, NiTa, NiFela, Cu, CuAgNi, RuX, CuX, CuNiX,
CoFeX, CoNiX, FeX, NiX, and CoX, wherein X=Cr, Ag, PX,
Ir, Rh, and combinations thereof.

In another embodiment, a microwave assisted magnetic
recording (MAMR) write head includes a main pole, a
trailing shield, and a spin-orbit torque (SOT) device dis-
posed 1n a gap between the main pole and the trailing shield.
The SOT device includes a substrate, a bufler layer formed
over the substrate, a bismuth antimony (BiSb) layer over the
bufler layer, and a spin torque layer formed over the BiSb
layer. The BiSb layer has a (012) orientation and 1s a spin
Hall layer.

In another embodiment, a magnetoresistive random
access memory (MRAM) device includes a recording layer,
a butfler layer formed over the recording layer, and a bismuth
antimony (Bi1Sb) layer formed over the bufler layer. The
BiSb layer has a (012) orientation.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of
the present disclosure can be understood 1n detail, a more
particular description of the disclosure, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It i1s to be
noted, however, that the appended drawings illustrate only
typical embodiments of this disclosure and are therefore not
to be considered limiting of its scope, for the disclosure may
admit to other equally eflective embodiments.

FIG. 1 1s a schematic cross-sectional view of certain
embodiments of a BiSb layer with a (012) onentation
formed over a bufler layer formed over a substrate.

FIG. 2 1s a schematic plan view illustrating certain
embodiments of a BiSb layer with a (012) onentation
formed over a bufler layer with a (111) fcc orientation or
with a (002) hcp orientation.

FIG. 3 1s a schematic illustration of certain embodiments
of a magnetic media drive including a MAMR write head.

FIG. 4 1s a fragmented, cross-sectional side view of a
read/write head facing a magnetic medium according to
certain embodiments.

FIG. 5A 1s a schematic cross-sectional view of a SOT
device for use in a MAMR write head.

FIGS. 5B-5C are schematic MFS views of certain
embodiments of a portion of a MAMR write head with a
SOT device of FIG. 5A.

FIG. 6 1s a schematic cross-sectional view of a SOT MTIJ
used as a MRAM device.

FIGS. 7-9 illustrate X-ray diflraction (XRD) 2e scans of
BiSb layers formed on various material layers.

To facilitate understanding, 1dentical reference numerals
have been used, where possible, to designate identical
clements that are common to the figures. It 1s contemplated
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that elements disclosed 1n one embodiment may be benefi-
cially utilized on other embodiments without specific reci-
tation.

DETAILED DESCRIPTION

In the following, reference 1s made to embodiments of the
disclosure. However, 1t should be understood that the dis-
closure 1s not limited to specific described embodiments.
Instead, any combination of the following features and
elements, whether related to different embodiments or not, 1s
contemplated to implement and practice the disclosure.
Furthermore, although embodiments of the disclosure may
achieve advantages over other possible solutions and/or over
the prior art, whether or not a particular advantage 1s
achieved by a given embodiment 1s not limiting of the
disclosure. Thus, the following aspects, features, embodi-
ments and advantages are merely 1llustrative and are not
considered elements or limitations of the appended claims
except where explicitly recited in a claim(s). Likewise,
reference to “the disclosure” shall not be construed as a
generalization of any inventive subject matter disclosed
herein and shall not be considered to be an element or
limitation of the appended claims except where explicitly
recited 1n a claim(s).

Embodiments of the present disclosure generally relate to
a bufler layer that promotes growth of a bismuth antimony
(B1Sb) layer having a (012) orientation. The buller layer can
be grown over silicon or alumina substrates with or without
an oxide layer formed thereover. A BiSb layer having a (012)
ortentation has a large spin Hall angle eflect and high
clectrical conductivity. A BiSb layer having a (012) orien-
tation can be used to form a spin-orbit torque (SOT) mag-
netic tunnel junction (MTJ) device. For example, a BiSb
layer having a (012) orientation can be used as a spin Hall
layer 1in a spin-orbit torque device 1n a microwave assisted
magnetic recording (MAMR) write head. In another
example, a BiSb layer having a (012) orientation can be used
as a spin Hall electrode layer 1n a magnetoresistive random
access memory (MRAM) device.

In one embodiment, a spin-orbit torque (SOT) magnetic
tunnel junction (MT1J) device includes a substrate, a bufler
layer formed over the substrate, and a bismuth antimony
(BiSb) layer formed over the builer layer, the BiSb layer
having a (012) onentation. The bufler layer includes a
pre-seed layer over the substrate, a seed layer over the
pre-seed layer, and a crystalline layer over the seed layer.
The pre-seed layer includes a material selected form a group
consisting of Si1, NiTa, NiFela, CoZrTa, NiNb, NiFeTa,
NiFeW, CoHt, CoFeHt, CoFeH{B, NiFeB, CoFeB, Ge, Co,
CoFe, NiCr, N1, Cu, NiFe, Ru, Pt, Rh, silicon oxide, alu-
minum oxide, magnesium oxide, TiN, AIN, and alloys
thereol. The seed layer includes a material selected from a
group consisting of Co, CoFe, Ni, NiFe, NiCr, NiTa,
NiFeTa, Cu, CuAgNi, RuX, CuX, CuNiX, CoFeX, CoNiX,
FeX, NiX, and CoX, wherein X=Cr, Ag, Pt, Ir, Rh, and
combinations thereol. The crystalline layer includes a mate-
rial selected from a group consisting of Co, CoFe, N1, NiFe,
NiCr, NiTa, NiFeTa, Cu, CuAgNi, RuX, CuX, CuNiX,
CoFeX, CoNi1X, FeX, Ni1X, and CoX, wherein X=Cr, Ag, PX,
Ir, Rh, and combinations thereof.

FIG. 1 1s a schematic cross-sectional view ol certain
embodiments of a BiSb layer 20 with a crystal orientation of
(012) formed over a buller layer 10 formed over a substrate
1. The substrate 1 can be a silicon substrate or an alumina
substrate. The silicon substrate has a cubic structure of (111),
(100), (100), or other crystal orientations. The alumina
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substrate has a hexagonal structure with (001) orientations
or with other crystal orientations or has an amorphous
structure. The substrate 1 can be a bare substrate or can have
one or more layers formed thereover, such as an oxide layer
thermally grown or deposited thereover.

The bufler layer 10 comprises a pre-seed layer 12 formed
over the substrate 1, a seed layer 14 formed on the pre-seed
layer 12, and a crystalline layer 16 formed on the seed layer

14.

T'he pre-seed layer 12 provides adhesion to the substrate
1. The pre-seed layer comprises an amorphous material or a
crystalline material. Examples of amorphous matenals
include Si1, NiTa, NiFeTla, CoZrTa, NiNb, NiFeTa, NiFeW,
CoHt1, CoFeHt, CoFeHiB, NiFeB, CoFeB, Ge, and alloys

thereof. In certain embodiments, the pre-seed layer 12
comprises an amorphous material of S1, Ni1Ta, NiFeTa, and
alloys thereof. Examples of crystalline materials include Co,
CoFe, NiCr, N1, Cu, NiFe, Ru, Pt, Rh, silicon oxide, alu-
minum oxide, magnesium oxide, TiN, AIN, and alloys
thereof. In certain embodiments, the pre-seed layer 12
comprises a crystalline material of NiCr, Cu, NiFe, Co, and
CoFe and alloys thereof.

The seed layer 14 provides an interface between the
pre-seed layer 12 and the crystalline layer 16 and helps to
provide growth of the crystalline layer 16 with low crystal
defects. The seed layer 14 can be a crystalline material of a
face-centered cubic (fcc) maternial or a hexagonal close
packed (hcp) material. Examples of a seed layer 14 include
Co, CoFe, Ni, NiFe, NiCr, NiTa, NiFeTa, Cu, CuAgNzi,
metal alloys, and combinations thereof. Examples of metal
alloys of the seed layer 14 include RuX, CuX, CuNiX,
CoFeX, CoNiX, FeX, NiX, CoX, where X=Cr, Ag, Pt, Ir,
Rh, Al, Mn, and combinations thereof. In certain embodi-
ments, the seed layer 14 comprises Co, CoFe, Ni, NiFe, Cu,
CuNi1Ag, and alloys thereof.

The crystalline layer 16 helps to provide growth of the
Bi1Sb layer 20 with a (012) orientation. The crystalline layer
16 can be a crystalline material of a fcc material or a hep
matenial. Examples of a crystalline layer 16 include Co,
CoFe, N1, NiFe, NiCr, NiTa, NiFeTa, Cu, CuAgNi, metal
alloys, and combinations thereof. Examples of metal alloys
of the crystalline layer 16 include RuX, CuX, CulNiX,
CoFeX, CoNiX, FeX, NiX, CoX, where X=Cr, Ag, Pt, Ir,
Rh, Al, Mn, and combinations thereof. In certain embodi-
ments, the crystalline layer 16 comprises Co, CoFe, Ni,
NiFe, Cu, CuNiAg, and alloys thereof.

The seed layer 14 and the crystalline layer 16 can com-
prise the same or different materials. The seed layer 14 and
the crystalline layer 16 can have similar properties. In
certain embodiments, the seed layer 14 and the crystalline
layer 16 provide a lattice structure gradient from larger to
smaller or from smaller to larger to enhance lattice matching
of the crystalline layer 16 and the BiSb layer 20.

In certain embodiments, the seed layer 14 and the crys-
talline layer 16 comprise one or more Icc materials with a
(111) orientation with an a-axis from about 3.52 A to about
3.71 A, which has been discovered by the present inventors
as surprisingly providing growth of a BiSb layer with a (012)
orientation. For example, the fcc maternial with a (111)
orientation may be a Cu or a CuAg alloy with an atomic

percent content of silver from greater than zero to about
18%. The Cu or CuAg alloy has an a-axis from about 3.60

A to about 3.71 A.

In certain embodiments, the seed layer 14 and the crys-
talline layer 16 comprise one or more hcp materials with a
(002) orientation with an a-axis from about 2.49 A to about
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2.62 A, which has been discovered by the present inventors
as surprisingly providing growth of a BiSb layer with a (012)
orientation.

In certain embodiments, the builfer layer 10 1s deposited
by physical vapor deposition (PVD), such as sputtering,
molecular beam epitaxy, 1on beam deposition, other suitable
PVD processes, and combinations thereof. In certain
embodiments, the buller layer 10 1s deposited at ambient
temperatures, such as from 20° C. to about 25° C. In one
aspect, forming the bufler layer 10 at ambient temperatures
reduces thermal migration of the pre-seed layer 12, the seed
layer 14, and the crystalline layer 16. In another aspect,
forming the bufler layer 10 at ambient temperatures mini-
mizes altering the magnetization direction of magnetic mate-
rials formed on substrate 1 prior to forming the builer layer

10. In certain embodiments, the pre-seed layer 12 1s formed
to a thickness from about 2 A to about 50 A, such as from
about 5 A to about 30 A. In certain embodiments, the seed
layer 14 is formed to a thickness from about 2 A to about 20
A, such as from about 3 A to about 12 A. In certain
embodiments, the crystalline layer 16 1s formed to a thick-
ness from about 1 A to about 15 A, such as from about 2 A
to about 7 A. A thickness of the crystalline layer 16 from
about 1 A to about 15 A helps to maintain electrical current
flow from the bufler layer 10 through the BiSb layer 20 1n
SOT devices. A crystalline layer 16 with a thickness of over
15 A may cause current shunting of the electrical current
flow through the bufler layer 10 away from the BiSb layer
20 1n SOT devices.

In certain embodiments, a post etch of the bufler layer 10
1s conducted. For example, the bufler layer 10 can be post
ctched by an 10n etch, such as directing argon 10ns to etch the
crystalline layer 16. It 1s believed that a post etch enhances
the interface between the crystalline layer 16 and the BiSb
layer 20 by cleaning the surface of the crystalline layer 16
and/or by distorting the crystalline layer 16 to promote (012)
growth thereover.

The BiSb layer 20 has a (012) orientation. The BiSb layer
20 comprises Bi,_ _Sbx wherein x 1s 0<x<1. In certain
embodiments, the BiSb layer 20 comprises Bi,_ _Sbx
wherein x 15 0.05<x<0.2 or comprises antimony 1n an atomic
percent content from about 7% to about 22%. In certain

embodiments, the BiSb layer 20 1s formed to a thickness
from about 20 A to about 200 A, such as from about 50 A

to about 150 A.

TABLE 1 shows one example of the properties of a BiSb
layer with a (012) orientation 1n comparison to beta-tanta-
lum and a BiSb layer with a (001) orientation.

TABLE 1
Spin Hall angle conductivity Power
O, o (10° Q@ 'm™) (relative)
Beta-Ta -0.15 0.52 1
BiSb (001) 11 0.25 3.9 x 10794
BiSb (012) 52 0.25 1.7 x 1079

A Bi1Sb layer with a (012) orientation has similar electrical
conductivity and a much larger spin Hall angle than beta-
tantalum (Beta-Ta) or a BiSb layer with a (001) orientation.
Theretore, the relative power to produce a spin Hall effect 1s
lower for BiSb (012) in comparison to Beta-Ta or BiSb
(001).

FIG. 2 1s a schematic plan wview illustrating certain
embodiments of a BiSb layer 20 with a (012) ornientation
tormed over a bufler layer 10 with a (111) fcc orientation or
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with a (002) hcp orientation. The dif
layer represent an atom of the material at a di
in the layer.

In certain embodiments a BiSb layer 20 with a (012)
orientation forms over a bufler layer 10 with a (111) fcc
orientation or with a (002) hcp orientation due to an a-axis
lattice parameter of the bufller layer that 1s 1n about 2:3 ratio
with the a-axis of silicon of a S1(111) surface. For example,
as shown 1n FIG. 2, a bufter layer 10 comprising N1 _Fe,__
(111) with x of about 0.5 has an a-axis lattice parameter
which 1s 1n about 2:3 ratio with the a-axis of silicon of a S1
(111) surface. The NiFe (111) surface can line up with the S1
(111) surface. The rectangular outline drawn 1n the bottom
part of FIG. 2 of a NiFe (111) surface with dimensions
a=about 4.40 A and b=about 5.08 A shows that NiFe (111)
surface lines up with the approximate rectangular BiSb
(012) surface (shown at the top part of FIG. 2) with
dimensions of a=about 4.54 A and of b=about 4.75 A with
about 3% mismatch 1 one direction. Therefore, a (111)
textured NiFe thin film can be used as a bufler layer 10 to
grow (012) textured BiSb layer 20. It 1s understood that the
transformationota,. to a;_, 1s afccf\/ 2—a,,, S0 a;,, axis also
has the 2:3 ratio.

In the examples as discussed in reference to FIG. 7, a
highly textured BiSb (012) surface was grown on a highly
(111) textured NiFe layer. The amorphous S1 enhances (111)
NiFe growth therecover. The examples demonstrated that
BiSb (012) texture can be formed from polycrystalline
epitaxy using a (111) textured icc lattice matching thin film,
such as a (111) NiFe layer, or a (002) textured hcp lattice
matching thin film, such as a (002) Co layer. These textured
f1lms help to manufacture BiSb (012) texture at a production
scale. It 1s believed that a BiSb (012) epitaxial film can be
grown through crystalline epitaxy over a single crystal Si
(111) surface. For example, it 1s believed that a NiFe (111)
bufler layer can be epitaxially grown over a single crystal S1
(111) and a B1Sb (012) layer can be epitaxially grown on the
NiFe (111) bufler layer to form an epitaxial film stack of S1
(111)/NiFe (111)/BiSb (012).

In certain embodiments, the fcc material with a (111)
orientation as shown 1n FIG. 2, a hcp material with a (002)
orientation, and combinations thereol can approximately
line up with a BiSb layer 20 with a (012) orientation. The
(111) orientation of the fcc material or the (002) orientation
of the hcp material promotes BiSb growth with a (012)
orientation instead of a growth with a (001) orientation. A
Bi1Sb layer 20 with a (012) orientation has a higher spin Hall
angle and higher performance 1n a SOT MTJ device than a
Bi1Sb layer with a (001) onientation. The SOT MTJ device
can be 1 a perpendicular stack configuration or an n-plane
stack configuration. The SOT MTJ device can be utilized 1n,
for example, MAMR writing heads, in MRAM, 1n artificial
intelligence chips, and in other applications.

FIG. 3 1s a schematic illustration of certain embodiments
of a magnetic media drive including a MAMR write head
having a SOT MTJ device. Such a magnetic media drive
may be a single drive or comprise multiple drives. For the
sake of 1llustration, a single disk drive 100 1s shown accord-
ing to certain embodiments. As shown, at least one rotatable
magnetic disk 112 1s supported on a spindle 114 and rotated
by a drive motor 118. The magnetic recording on each
magnetic disk 112 is 1n the form of any suitable patterns of
data tracks, such as annular patterns of concentric data tracks
(not shown) on the magnetic disk 112.

At least one slider 113 1s positioned near the magnetic
disk 112, each slider 113 supporting one or more magnetic

head assemblies 121 that include a SOT device. As the

‘erent symbols of each
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magnetic disk 112 rotates, the slider 113 moves radially in
and out over the disk surface 122 so that the magnetic head
assembly 121 may access different tracks of the magnetlc
disk 112 where desired data are written. Each slider 113 1s
attached to an actuator arm 119 by way of a suspension 115.
The suspension 115 provides a slight spring force which
biases the slider 113 toward the disk surface 122. Each
actuator arm 119 1s attached to an actuator means 127. The
actuator means 127 as shown 1n FIG. 2 may be a voice coil
motor (VCM). The VCM includes a coi1l movable within a
fixed magnetic field, the direction and speed of the coil
movements being controlled by the motor current signals
supplied by control unit 129.

During operation of the disk drive 100, the rotation of the
magnetic disk 112 generates an air bearing between the
slider 113 and the disk surface 122 which exerts an upward
force or lift on the slider 113. The air bearing thus counter-
balances the slight spring force of suspension 115 and
supports slider 113 ofl and slightly above the disk surface
122 by a small, substantially constant spacing during normal
operation.

The various components of the disk drive 100 are con-
trolled 1n operation by control signals generated by control
unit 129, such as access control signals and internal clock
signals. Typically, the control unit 129 comprises logic
control circuits, storage means and a microprocessor. The
control unit 129 generates control signals to control various
system operations such as drive motor control signals on line
123 and head position and seek control signals on line 128.
The control signals on line 128 provide the desired current
profiles to optimally move and position slider 113 to the
desired data track on disk 112. Write and read signals are
communicated to and from write and read heads on the
assembly 121 by way of recording channel 125.

The above description of a typical magnetic media drive
and the accompanying illustration of FIG. 3 are for repre-
sentation purposes only. It should be apparent that magnetic
media drives may contain a large number of media, or disks,
and actuators, and each actuator may support a number of
sliders.

FIG. 4 1s a fragmented, cross-sectional side view of
certain embodiments of a read/write head 200 having a SOT
MTIJ device. The read/write head 200 faces a magnetic
media 112. The read/write head 200 may correspond to the
magnetic head assembly 121 described in FIG. 3. The
read/write head 200 includes a media facing surface (MFES)
212, such as a gas bearing surface, facing the disk 112, a
MAMR write head 210, and a magnetic read head 211. As
shown 1n FIG. 4, the magnetic media 112 moves past the
MAMR write head 210 in the direction indicated by the
arrow 232 and the read/write head 200 moves 1n the direc-
tion indicated by the arrow 234.

In some embodiments, the magnetic read head 211 15 a
magnetoreswtlve (MR) read head that mcludes an MR
sensing element 204 located between MR shields S1 and SZ
In other embodiments, the magnetic read head 211 1s
magnetic tunnel junction (MTJ) read head that includes a
MTJ sensing device 204 located between MR shields S1 and
S2. The magnetic fields of the adjacent magnetized regions
in the magnetic disk 112 are detectable by the MR (or MT1J)
sensing element 204 as the recorded bits.

The MAMR write head 210 includes a main pole 220, a
leading shield 206, a trailing shield 240, a spin orbital torque
(SOT) device 250, and a coil 218 that excites the main pole
220. The coi1l 218 may have a “pancake™ structure which
winds around a back-contact between the main pole 220 and
the trailing shield 240, mstead of a “helical” structure shown
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in FIG. 4. The SOT device 250 1s formed 1 a gap 254
between the main pole 220 and the trailing shield 240. The
main pole 220 includes a trailing taper 242 and a leading
taper 244. The trailing taper 242 extends from a location
recessed from the MFS 212 to the MFS 212. The leading
taper 244 extends from a location recessed from the MFS

212 to the MFS 212. The trailing taper 242 and the leading
taper 244 may have the same degree of taper, and the degree
of taper 1s measured with respect to a longitudinal axis 260
of the main pole 220. In some embodiments, the main pole
220 does not include the trailing taper 242 and the leading
taper 244. Instead, the main pole 220 includes a trailing side
(not shown) and a leading side (not shown), and the trailing
side and the leading side are substantially parallel. The main
pole 220 may be a magnetic material, such as a FeCo alloy.
The leading shield 206 and the trailing shield 240 may be a
magnetic material, such as a NiFe alloy. In certain embodi-
ments, the trailing shield 240 can include a trailing shield hot
seed layer 241. The trailing shield hot seed layer 241 can
include a high moment sputter material, such as CoFeN or
FeXN, where X 1ncludes at least one of Rh, Al, Ta, Zr, and
T1. In certain embodiments, the trailing shield 240 does not
include a trailing shield hot seed layer.

FIG. 5A 1s a schematic cross-sectional view of a SOT
device 250 for use in a MAMR write head, such as the

MAMR write head of the drive 100 of FIG. 3 or other
suitable magnetic media drives. The SOT device 250 com-
prises a BiSb layer 20 with a (012) onientation formed over
a bufler layer 10 formed over a substrate 1. A spin torque
layer (STL) 570 1s formed over the BiSb layer 20. The STL
570 comprises a ferromagnetic material such as one or more
layers of CoFe, Colr, NiFe, and CoFeX alloy wherein X=B,
la, Re, or Ir.

In certain embodiments, an electrical current shunt block
layer 560 1s disposed between the BiSb layer 20 and the spin
torque layer 570. The electrical current shunt blocking layer
560 reduces electrical current from flowing from the BiSb
layer 20 to the spin torque layer 570 but allows spin orbital
coupling of the BiSb layer 20 and the spin torque layer 570.
In certain embodiments, the electrical current shunt blocking
layer 560 comprises a magnetic material which provides
greater spin orbital coupling between the BiSb layer 20 and
the spin torque layer 570 than a non-magnetic material. In
certain embodiments, the electrical current shunt blocking

layer 560 comprises a magnetic material of FeCo, FeCoM,
FeCoMO, FeCoMMeO, FeCoM/MeO stack, FeCoMN-

iMnMgZnFeO, FeCoM/NiMnMgZnFeO stack, multiple
layers/stacks thereolf, and combinations thereof in which M
1s one or more of B, S1, P, Al, Hi, Zr, Nb, T1, Ta, Mo, Mg,
Y, Cu, Cr, and N1, and Me 1s S1, Al, Hf, Zr, Nb, 11, Ta, Mg,
Y, or Cr. In certain embodiments, the electrical current shunt
blocking layer 560 is formed to a thickness from about 10 A
to about 100 A. In certain aspects, an electrical current shunt
blocking layer 560 having a thickness of over 100 A may
reduce spin orbital coupling of the BiSb layer 20 and the
spin torque layer 570. In certain aspects, an electrical current
shunt blocking layer having a thickness of less than 10 A
may not su 1Clently reduce electrical current from BiSb
layer 20 to the spin torque layer 570.

In certain embodiments, additional layers are formed over
the STL 570 such as a spacer layer 580 and a pinning layer
590. The pinmng layer 390 can partially pin the STL 570.
The pinning layer 590 comprises a single or multiple layers
of PtMn, NiMn, IrMn, IrMnCr, CrMnPt, FeMn, other anti-
ferromagnetic materials, and combinations thereof. The
spacer layer 380 comprises single or multiple layers of
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magnesium oxide, aluminum oxide, other non-magnetic
materials, and combinations thereof.

FIGS. 5B-5C are schematic MFS wviews of certain
embodiments of a portion of a MAMR write head 210 with
a SOT device 250 of FIG. 5A. The MAMR write head 210

can be the write head FIG. 4 or other suitable write heads 1n

the drive 100 of FIG. 3 or other suitable magnetic media
drives such as tape drives. The MAMR write head 210
includes a main pole 220 and a trailing shield 240 1n a track
direction. The SOT device 250 1s disposed 1n a gap between
the main pole and the trailing shield 240.

During operation, charge current through a BiSb layer 20
acting as a spin Hall layer generates a spin current in the
BiSb layer. The spin orbital coupling of the BiSb layer and
a spin torque layer (STL) 570 causes switching or precession
of magnetization of the STL 570 by the spin orbital coupling
of the spin current from the BiSb layer 20. Switching or
precession of the magnetization of the STL 570 can generate
an assisting AC field to the write field. Energy assisted write
heads based on SOT have multiple times greater power
elliciency 1n comparison to MAMR write heads based on
spin transier torque. As shown 1n FIG. 5B, an easy axis of
a magnetization direction of the STL 570 1s perpendicular to
the MFS from shape anisotropy of the STL 3570, from the
pinning layer 590 of FIG. 5A, and/or from hard bias ele-
ments proximate the STL 570. As shown 1n FIG. 5C, an easy
axis of a magnetization direction of the STL 570 1s parallel
to the MFES from shape anisotropy of the STL 570, from the
pinning layer 590 of FIG. 5A, and/or from hard bias ele-
ments proximate the STL 570.

FIG. 6 1s a schematic cross-sectional view of a SOT MTJ
250 used as a MRAM device 600. The MRAM device
comprises a reference layer (RL) 610, a spacer layer 620
over the RL 610, a recording layer 630 over the spacer layer
620, a bufler layer 10 over the recording layer 630, and a
Bi1Sb layer 20 over the bufler layer 10.

The RL 610 comprises single or multiple layers of CoFe,
other ferromagnetic materials, and combinations thereof.
The spacer layer 620 comprises single or multiple layers of
magnesium oxide, aluminum oxide, other dielectric materi-
als, and combinations thereof. The recording layer 630
comprises single or multiple layers of CoFe, NiFe, other
ferromagnetic materials, and combinations thereof.

In certain embodiments, an electrical current shunt block
layer 640 1s disposed between the bufler layer 10 and the
recording layer 630. The electrical current shunt blocking
layer 640 reduces electrical current from flowing from the
BiSb layer 20 to the recording layer 630 but allows spin
orbital coupling of the BiSb layer 20 and the recording layer
630. For example, writing to the MRAM device can be
enabled by the spin orbital coupling of the BiSb layer and
the recording layer 630, which enables switching of mag-
netization of the recording layer 630 by the spin orbital
coupling of the spin current from the BiSb layer 20. In
certain embodiments, the electrical current shunt blocking
layer 640 comprises a magnetic material which provides
greater spin orbital coupling between the BiSb layer 20 and
the recording layer 630 than a non-magnetic material. In
certain embodiments, the electrical current shunt blocking
layer 640 comprises a magnetic material of FeCoM,
FeCoMO, FeCoMMeO, FeCoM/MeQO stack, FeCoMN-
iMnMgZnFeO, FeCoM/NiMnMgZnFeO stack, multiple
layers/stacks thereof, and combinations thereof, 1n which M
1s one or more of B, S1, P, Al, Hi, Zr, Nb, Ti, Ta, Mo, Mg,
Y, Cu, Cr, and N1, and Me 1s S1, Al, Hf, Zr, Nb, 11, Ta, Mg,
Y, or Cr.
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The MRAM device 600 of FIG. 6 may include other
layers, such as pining layers, pinning structures (e.g., a
synthetic antiferromagnetic (SAF) pinned structure), elec-
trodes, gates, and other structures. Other MRAM devices
besides the structure of FIG. 6 can be formed utilizing a
B1Sb layer with a (012) orientation over a butler layer 10 to
form a SOT MT1I.

Embodiments of the present disclosure generally relate to
a bufler layer that promotes growth of a bismuth antimony
(BiSb) layer having a (012) orientation. The bufler layer
comprises one or more layers and can be grown over silicon
or alumina substrates with or without an oxide layer formed
thereover. A BiSb layer having a (012) onientation has a large
spin Hall angle effect and high electrical conductivity. A
Bi1Sb layer having a (012) orientation can be used to form a
spin-orbit torque (SOT) magnetic tunnel junction (MTI)
device.

In one embodiment, a spin-orbit torque (SOT) magnetic
tunnel junction (MTJ) device includes a substrate, a bufler
layer formed over the substrate, and a bismuth antimony
(BiSb) layer formed over the builer layer, the BiSb layer
having a (012) onentation. The bufler layer includes a
pre-seed layer over the substrate, a seed layer over the
pre-seed layer, and a crystalline layer over the seed layer.
The pre-seed layer includes a material selected form a group
consisting of S1, NiTa, NiFela, CoZrTa, NiNb, NiFeTa,
NiFeW, CoHt, CoFeHt, CoFeH1B, NiFeB, CoFeB, Ge, Co,
CoFe, NiCr, N1, Cu, NiFe, Ru, Pt, Rh, silicon oxide, alu-
minum oxide, magnesium oxide, TiN, AIN, and alloys
thereof. The seed layer includes a material selected from a
group consisting of Co, CoFe, Ni, NiFe, NiCr, NiTa,
NiFeTa, Cu, CuAgNi, RuX, CuX, CuNiX, CoFeX, CoNiX,
FeX, NiX, and CoX, wherein X=Cr, Ag, Pt, Ir, Rh, and
combinations thereol. The crystalline layer includes a mate-
rial selected from a group consisting of Co, CoFe, N1, NiFe,
NiCr, NiTa, NiFeTla, Cu, CuAgNi, RuX, CuX, CuNiX,
CoFeX, CoNiX, FeX, Ni1X, and CoX, wherein X=Cr, Ag, PX,
Ir, Rh, and combinations thereotf.

In another embodiment, a microwave assisted magnetic
recording (MAMR) write head includes a main pole, a
trailing shield, and a spin-orbit torque (SOT) device dis-
posed 1n a gap between the main pole and the trailing shield.
The SOT device includes a substrate, a butfer layer formed
over the substrate, a bismuth antimony (BiSb) layer over the
bufler layer, and a spin torque layer formed over the BiSb
layer. The BiSb layer has a (012) orientation and 1s a spin
Hall laver.

In another embodiment, a magnetoresistive random
access memory (MRAM) device includes a recording laver,
a bufler layer formed over the recording layer, and a bismuth
antimony (Bi1Sb) layer formed over the bufler layer. The
BiSb layer has a (012) orientation.

EXAMPLES

The following are examples to illustrate various embodi-
ments of a BiSb layer, such as the BiSb layer 20 of FIGS.

1 and 2, the magnetic drive 100 of FIG. 3, the write head 210
of FIG. 4, the SOT devices 250 of FIGS. 5A-C and 6, other
Bi1Sb layers, other magnetic drives, other SOT devices, and
variations thereof. These examples are not meant to limit the
scope of the claims unless specifically recited 1n the claims.

Example A

In Example A (FI1G. 7), a BiSb layer 710 was deposited by
PVD to a thickness of about 100 A directly on a silicon (111)
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substrate. A BiSb layer 720 was deposited by PVD to a
thickness of about 100 A directly on a NiFe layer. The NiFe
layer was deposited by PVD to a thickness of about 6 A over
a silicon (111) substrate. A BiSb layer 730 was deposited by
PVD to a thickness of about 100 A directly on a NiFe layer.
The NiFe layer was deposited by PVD to a thickness of

about 50 A over a silicon (111) substrate.
FIG. 7 illustrates X-ray diffraction (XRD) 20 scans of the

BiSb layers 710, 720, 730. The BiSb layer 710 directly
formed on a thermal oxide coated silicon substrate showed
a (001) orientation. The BiSb layers 720, 730 directly
tformed on NiFe layers over a thermal oxide coated silicon
substrates showed a (012) orientation.

Example B

In Example B (FIG. 8), a BiSb layer 1010 was deposited
by PVD to a thickness of about 100 A directly on a Cu layer.
The Cu layer was deposited by PVD to a thickness of about
20 A over a thermal oxide coated silicon substrate. A BiSb
layer 1020 was deposited by PVD to a thickness of about
100 A directly on a NiFe layer. The NiFe layer was depos-
ited by PVD to a thickness of about 10 A over a thermal
oxide coated silicon substrate. A BiSb layer 1030 was
deposited by PVD to a thickness of about 100 A directly on
a NiTa layer. The NiTa layer was deposited by PVD to a
thickness of about 20 A over a thermal oxide coated silicon
substrate. A BiSb layer 1040 was deposited by PVD to a
thickness of about 100 A directly on a NiFe layer. The NiFe
layer was deposited to a thickness of about 5 A by PVD
directly on a Cu layer. The Cu layer was deposited by PVD
to a thickness of about 20 A over a thermal oxide coated
silicon substrate. A BiSb layer 1050 was deposited by PVD
to a thickness of about 100 A directly on a Cu layer. The Cu
layer was deposited by PVD to a thickness of 20 A directly
on a Ta layer. The Ta layer was deposited by PVD to a
thickness of about 20 A over a thermal oxide coated silicon
substrate.

A BiSb layer 1060 was deposited by PVD to a thickness
of about 100 A directly on a NiFe layer. The NiFe layer was
deposited by PVD to a thickness of about 6 A directly on a
Ta layer. The Ta layer was deposited by PVD to a thickness
of 20 A over a thermal oxide coated silicon substrate. A BiSb
layer 1070 was deposited by PVD to a thickness of about
100 A directly on a Si layer. The amorphous Si layer was
deposited by PVD directly on a Ta layer. The Ta layer was
deposited by PVD over a thermal oxide coated silicon
substrate. A BiSb layer 1080 was deposited by PVD to a
thickness of about 100 A directly on a NiFe layer. The NiFe
layer was deposited by PVD directly on a S1 layer. The Si
layer was deposited by PVD over a thermal oxide coated
s1licon substrate.

FIG. 8 1llustrates XRD 2e scans of the BiSb layers 1010,
1020, 1030, 1040, 1050, 1060, 1070, 1080. The BiSb layers
1010, 1020, 1030, 1040, 1050, 1060, 1070, 1080 showed a
(012) orientation

Example C

In Example C (FIG. 9), a BiSb layer 1110 was deposited
by PVD to a thickness of about 100 A directly on a NiTa
layer having a thickness of about 20 A over a thermal oxide
coated silicon substrate. A BiSb layer 1120 was deposited by
PVD to a thickness of about 100 A directly on a NiFe layer.
The NiFe layer was deposited by PVD to a thickness of
about 6 A over a thermal oxide coated silicon substrate. A

BiSb layer 1130 was deposited by PVD to a thickness of
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about 100 A directly on a NiFe layer. The NiFe layer was
deposited by PVD to a thickness of about 50 A on a thermal
oxide coated S1 water. A BiSb layer 1140 was deposited by
PVD to a thickness of about 100 A directly on a CuAgNi
layer. The CuAgNi layer was deposited by PVD to a
thickness of about 10 A directly on a NiFe layer. The NiFe
layer was deposited by PVD to a thickness of about 20 A
over a thermal oxide coated silicon substrate. A BiSb layer
1150 was deposited by PVD to a thickness of about 100 A
directly on a NiFe layer. The NiFe layer was deposited to a
thickness of about 6 A by PVD over a PVD deposited
amorphous Si layer having a thickness of about 30 A over
a thermal oxide coated silicon substrate. A BiSb layer 1160
was deposited by PVD to a thickness of about 100 A over
a Co seed layer. The Co seed layer was deposited by PVD
to a thickness of about 3 A over a PVD deposited Co/Pt
laminate. The Co/Pt laminate was a multilayered stack of Pt
over Co of Co 3 A/Pt 5 A/Co 3 A/Pt 5 A. The Co/Pt laminate
was deposited over a Pt pre-seed layer. The Pt pre-seed layer
was deposited by PVD to a thickness of about 15 A onto a
thermal oxide coated S1 wafer. A BiSb layer 1170 was
deposited by PVD to a thickness of about 100 A over a
CuAgN1 layer deposited by PVD to a thickness of about 5
A thick over a NiFe layer deposited by PVD to a thickness
of about 7 A over an amorphous Si layer deposited to a
thickness of about 20 A.

FIG. 9 1llustrates XRD 20 scans of the BiSb layers 1110,
1120, 1130, 1140, 1150, 1160, 1170. The BiSb layers 1110,
1120, 1130, 1140, 1150, 1160, 1170 showed a (012) surface
orientation.

It 1s estimated that a SOT MRAM device 600 of FIG. 6
formed of a BiSb layer 620 comprising a BiSb layer with
(012) surface onientation as disclosed in Examples A, B, and
C has a switching current density of about 110 MA/cm” or
less, such as 100 MA/cm® or less. The switching current

density 1s estimated from a BiSb layer 620 forming a 170 nm
wide SOT track with a 60 nm circular MT1.

Example D

A shunt block layer was deposited by PVD. The compo-
sitions and properties of each shunt block layer are shown 1n
TABLE 2.

TABLE 2
Layer p(uOhm*cm) MS (emuw/cm®) Hg(Oe) Hk (Oe)
FeCo25 16 1900 9 63
Coyg sFes3HIgO 0 5 3569 1580 2 84
Fe,,Co,5B5, 120 1000 22

While the foregoing 1s directed to embodiments of the
present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof, and the scope thereof 1s determined by the
claims that follow.

What 1s claimed 1s:
1. A spin-orbit torque (SOT) magnetic tunnel junction
(MTJ) device, comprising:
a substrate;
a bufler layer formed over the substrate, the bufler layer
comprising:

a pre-seed layer over the substrate, the pre-seed layer
comprising a material selected from a group consist-
ing of NiTa, NiFeTla, CoZrTa, NiNb, NiFeTa,
NiFeW, CoHt, CoFeHf, CoFeHiB, NiFeB, CoFeB,
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Ge, Co, CoFe, Ni1Cr, N1, Cu, NiFe, Ru, Pt, Rh, silicon
oxide, aluminum oxide, magnesium oxide, TiN,
AIN, and alloys thereof;

a seed layer over the pre-seed layer, the seed layer
comprising a material selected from a group consist-
ing ol Co, CoFe, Ni, NiFe, NiCr, Ni1Ta, NiFeTa, Cu,
CuAgNi, RuX, CuX, CuNiX, CoFeX, CoNiX, FeX,
N1X, and CoX, wherein X 1s selected from the group
consisting of Cr, Ag, Pt, Ir, Rh, and combinations

thereof; and
a crystalline layer over the seed layer, the crystalline
layer comprising a material selected from a group
consisting of Co, CoFe, N1, NiFe, NiCr, NiTa,
NiFeTa, Cu, CuAgNi, RuX, CuX, CulNiX, CoFeX,
CoNi1X, FeX, NiX, and CoX, wherein X 1s selected
from the group consisting of Cr, Ag, Pt, Ir, Rh, and
combinations thereof; and
a bismuth antimony (BiSb) layer formed over the bufler

layer, the BiSb layer having a (012) orientation.

2. The SOT MT1I device of claim 1, wherein the pre-seed
layer comprises a material selected from a group consisting
of NiTa, NiFeTa, NiCr, Co, CoFe, Cu, NiFe, and alloys
thereof.

3. The SOT MT1IJ device of claim 1, wherein the crystal-
line layer comprises a material selected from a group
consisting of Co, CoFe, N1, NiFe, Cu, CuNiAg, and alloys
thereof.

4. The SOT MTJ device of claim 1, wherein the material
of the seed layer and the material of the crystalline layer
have a (111) orientation with an a-axis from about 3.52 A to
about 3.71 A.

5. The SOT MTIJ device of claim 1, wherein the material
of the seed layer and the material of the crystalline layer
have a (002) orientation with an a-axis from about 2.49 A to

2.62 A.

6. The SOT MTJ device of claim 1, wherein the BiSb
layer comprises antimony 1n an atomic percent content from
about 5% to about 20%.

7. The SOT MTIJ device of claim 1, wherein the substrate
1s selected from a group consisting of silicon and alumina.

8. The SOT MTIJ device of claim 1, further comprising an
clectrical current shunt blocking layer comprising a mag-
netic material.

9. The SOT MTJ device of claim 8, wherein the magnetic
material of the electrical current shunt blocking layer 1s
selected from a group consisting of FeCo, FeCoM,
FeCoMO, FeCoMMeO, FeCoM/MeQO stack, FeCoMN-
iMnMgZnFeO, FeCoM/NiMnMgZnFeO stack, multiple
layers thereof, multiple stacks thereof, and combinations
thereof 1n which M 1s one or more of B, Si1, P, Al, Hi, Zr, Nb,
T1, Ta, Mo, Mg, Y, Cu, Cr, and N1, and Me 1s S1, Al, Hi, Zr,
Nb, Ti, Ta, Mg, Y, or Cr.

10. A microwave assisted magnetic recording (MAMR)
write head, comprising:

a main pole and a trailing shield; and

a spm-orbit torque (SOT) device disposed 1mm a gap

between the main pole and the trailing shield, the SOT

device comprising:

a substrate;

a buller layer formed over the substrate, wherein the
bufler layer comprises:

a pre-seed layer over the substrate, the pre-seed layer
comprising a material selected form a group con-
sisting of NiTa, NiFeTa, CoZrTa, NiNb, NiFeTa,
NiFeW, CoHf, CoFeHif, CoFeHiB, NiFeB,
CoFeB, Ge, Co, CoFe, NiCr, N1, Cu, NiFe, Ru, Pt,
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Rh, silicon oxide, aluminum oxide, magnesium
oxide, TiN, AIN, and alloys thereof;

a seed layer over the pre-seed layer, the seed layer
comprising a material selected from a group con-
sisting of Co, CoFe, Ni, NiFe, NiCr, NiTa,
NiFeTa, Cu, CuAgNi, RuX, CuX, CuNiX,
CoFeX, CoNi1X, FeX NiX, and CoX, wherein X 1s
selected from the group consisting of Cr, Ag, Pt, Ir,
Rh, and combinations thereot; and

a crystalline layer over the seed layer, the crystalline
layer comprising a matenal selected from a group
consisting of Co, CoFe, N1, NiFe, NiCr, NiTa,
NiFeTa, Cu, CuAgNi, RuX, CuX, CulNiX,
CoFeX, CoNi1X, FeX NiX, and CoX, wherein X 1s
selected from the group consisting of Cr, Ag, Pt, Ir,
Rh, and combinations thereof;

a bismuth antimony (Bi1Sb) layer over the bufler layer,
wherein the BiSb layer has a (012) orientation and 1s
a spin Hall layer; and

a spin torque layer formed over the BiSb layer.

11. The MAMR write head of claim 10, wherein the
crystalline layer comprises a material selected from a group
consisting of Co, CoFe, N1, NiFe, Cu, CuN1Ag, and alloys
thereof.

12. The MAMR write head of claim 10, further compris-
ing an electrical current shunt blocking layer between the
Bi1Sb layer and the spin torque layer, the electrical current
shunt blocking layer comprising a magnetic material.

13. The MAMR write head of claam 12, wherein the
clectrical current shunt blocking layer comprises a magnetic
material selected from a group consisting of FeCo, FeCoM,
FeCoMO, FeCoMMeO, FeCoM/MeO stack, FeCoMN-
iMnMgZnFeO, FeCoM/NiMnMgZnFeO stack, multiple
layers thereof, multiple stacks thereof, and combinations
thereof 1n which M 1s one or more of B, Si1, P, Al, Hi, Zr, Nb,
T1, Ta, Mo, Mg, Y, Cu, Cr, and N1, and Me 1s S1, Al, Hi, Zr,
Nb, T1, Ta, Mg, Y, or Cr.

14. A magnetic media drive comprising the MAMR write
head of claim 10.

15. The MAMR write head of claim 10, wherein the
material of the seed layer and the matenial of the crystalline
layer have a (111) orientation with an a-axis from about 3.52
A to about 3.71 A.

16. A magnetoresistive random access memory (MRAM)
device, comprising

a recording layer;

a buller layer formed over the recording layer, wherein the

bufler layer comprises:

a pre-seed layer over the recording layer, the pre-seed
layer comprising a material selected form a group
consisting of N1Ta, NiFeTa, CoZrTa, NiNb, NiFeTa,
NiFeW, CoHt, CoFeHf, CoFeHiB, NiFeB, CoFeB,
Ge, Co, CoFe, Ni1Cr, N1, Cu, NiFe, Ru, Pt, Rh, silicon
oxide, aluminum oxide, magnesium oxide, TiN,
AIN, and alloys thereof;

a seed layer over the pre-seed layer, the seed layer
comprising a material selected from a group consist-
ing of Co, CoFe, N1, NiFe, NiCr, NiTa, NiFeTa, Cu,
CuAgNi, RuX, CuX, CuNiX, CoFeX, CoNiX, FeX
N1X, and CoX, wherein X 1s selected from the group
consisting of Cr, Ag, Pt, Ir, Rh, and combinations
thereof; and

a crystalline layer over the seed layer, the crystalline
layer comprising a material selected from a group
consisting of Co, CoFe, N1, NiFe, NiCr, NiTa,
NiFeTa, Cu, CuAgNi, RuX, CuX, CuNiX, CoFeX,
CoNi1X, FeX NiX, and CoX, wherein X 1s selected
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from the group consisting of Cr, Ag, Pt, Ir, Rh, and
combinations thereof; and

a bismuth antimony (BiSb) layer formed over the bufler

layer, the Bi1Sb layer having a (012) orientation.

17. The MRAM device of claim 16, wherein the crystal-
line layer comprises a material selected from a group
consisting of Co, CoFe, Ni, NiFe, Cu, CuN1Ag, and alloys
thereol.

18. The MRAM device of claim 16, further comprising an
clectrical current shunt blocking layer between the buller
layer and the recording layer, the electrical current shunt
blocking layer comprising a magnetic material.

19. The MRAM device of claim 18, wherein the electrical
current shunt blocking layer comprises a magnetic material

selected from a group consisting of FeCo, FeCoM,
FeCoMO, FeCoMMeO, FeCoM/MeO stack, FeCoMN-

iMnMgZnFeO, FeCoM/NiMnMgZnFeO stack, multiple
layers thereof, multiple stacks thereof, and combinations
thereotf 1n which M 1s one or more of B, S1, P, Al, Hi, Zr, Nb,
T1, Ta, Mo, Mg, Y, Cu, Cr, and N1, and Me 1s S1, Al, Hi, Zr,
Nb, Ti, Ta, Mg, Y, or Cr.

20. The MRAM device of claim 16, wherein the material
of the seed layer and the material of the crystalline layer
have a (002) orientation with an a-axis from about 2.49 A to

2.62 A.
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